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ABSTRACT
Energy consumption in buildings accounts for approximately 45% of the world’s total energy consumption, leading to a significant proportion of greenhouse gas emissions. This has led to an increasing effort towards reducing energy consumption. An example of such efforts is energy efficient buildings using passive design options. This paper assesses a low cost energy efficient strategy approach to achieving energy efficiency in buildings using passive design options in Nigeria. A critical review of various passive design options and their roles in reducing energy consumption in buildings will be conducted. This approach is necessary due to energy poverty, high energy cost, erratic power supply, over dependence on electrical generators for indoor thermal comfort and other factors. Research has shown that this method can reduce energy consumption in buildings by 40%-60% in comparison to conventional buildings. This paper shows that there is an urgent need for professionals in the building industry as well as other stakeholders to advocate passive design options in Nigeria as a viable step towards achieving high energy performance buildings. This paper concludes by emphasizing the need for Nigeria to start with a low cost energy approach to achieve energy efficient buildings in the short term while aiming for ultra-low energy buildings in the long term. 
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1.	INTRODUCTION
Research showed almost two decades ago that buildings account for nearly 45% of the world total energy consumption (International Energy Agency, 1995). Moreover, the energy consumption in building has exceeded other sectors in different regions of the world. For instance, energy consumption in buildings in the United States is as high as 48% and 76% in terms of total energy and electricity respectively (Perez-Lombard, 2008). Hence, buildings account for a significant proportion of GHG emissions.
Several efforts have been put in place to mitigate the negative impacts of buildings on the environment (BRE, 2004). This has resulted in agreement targeted at developing key strategies and actions to make buildings more sustainable (International Council for Building, 1999; Barrett et al., 1999; Construction Research and Innovation Strategy Panel, 2000). In addition, it has also placed an urgent demand on architects and other professionals in the building industry to design buildings using concepts that consume less energy. Energy efficiency measures have been identified as a viable means of reducing energy consumption in buildings. This method can decrease primary energy consumption in buildings by 40%-60% in comparison to conventional new buildings (Moore et al., 2013). 
Despite evidences of climate change in Nigeria, adaptation and mitigation efforts are still rudimentary. Hence, Nigeria is currently faced with an enormous challenge of evolving performance standards, systems, codes and other regulatory means to mitigate, forestall and develop the built environment (Michael, 2013). More efficient use of energy has to be considered as one of the major options for sustainable development in Nigeria and globally (Akinbami and Lawal, 2009).
This paper was born from the need for Nigeria to consider achieving energy efficient buildings using passive design approaches as a viable step towards achieving sustainable buildings. This paper started by explaining the concept of energy efficient buildings and proceeded to identify strategies for achieving energy efficiency in buildings. The reasons why Nigeria should consider achieving energy efficient buildings in the short term using passive design options were also discussed. The paper later discusses the various passive design options that can be adopted in Nigeria to reduce energy consumptions in buildings. Finally, the findings were summarized and recommendations were made based on the findings.

2.	LITERATURE REVIEW
2.1 Energy Efficient Buildings
 Energy efficiency refers to using less energy to achieve results otherwise achieved with a certain quantity of energy. It means using energy in a way that reduces the amount required to provide building services (Etiosa, 2009; Chung et al, 2006). It also refers to using less energy to produce the same amount of services or useful output. Energy efficient buildings have been defined as those that strive towards the lowest possible energy requirements with reasonable utilisation of resources through the use of energy efficiency measures (Radhi, 2008). 
Energy efficiency can be regarded as the first step toward achieving sustainability in buildings. It helps to minimise rising energy costs, enhance the value and competitiveness of buildings and reduce GHG emission. Three criteria has been proposed for an energy efficient building. These are: the building must be equipped with energy efficient equipment and material that are suitable for the location and conditions; the building must be provided with amenities and services that are intended for its use; the operation of the building must prove a reduction in energy use compared to other buildings (Meier et al., 2002). Passive energy practices using the building environment, building orientation, the building envelope, the building exterior surface area, insulation materials, windows can help to achieve energy efficiency in buildings. 
Research has shown various efforts towards encouraging energy efficiency in buildings (FSEC, 1984; CIBSE, 1998). There is an urgent need for Nigeria to develop concrete energy efficiency standards that will enhance the design and realisation of energy efficient buildings. 

2.2 Energy Efficiency Strategies
Moore et al., (2013) identified a two-level strategic approach developed for the design of energy efficient buildings for the world’s four major climatic zones. These are the “Easy Efficiency Strategy” and the “Advanced Efficiency Strategy”.
 
2.2.1 Easy Efficiency Strategy
This approach can reduce primary energy consumption in buildings by 40%-60% in comparison to conventional new buildings or by 70%-80% in terms of existing building stocks. This approach focuses on passive options, which are in low cost compared to the advanced strategy. This strategy is necessary in the short term as it is not adequate to achieve long-term climate protection targets (Moore et al., 2013). This strategy relies majorly on the building envelope through the use of the building orientation, material specification, and other design approaches to reduce energy consumption in buildings. 

2.2.1 Advanced Efficiency Strategy
This strategy can achieve energy savings of “up to 90% compared to new building standards” (Moore et al. 2013, p. 1297). Further improvements using active renewable energies can decrease net energy demand to 0% and even beyond. 

2.3 Passive Design
Passive design has been defined as “design that works with the environment to exclude unwanted heat or cold and take advantage of the sun and breezes, therefore avoiding or minimising the need for mechanical 
heating or cooling” (Cairns Regional Council, 2011, p.6). It relies on natural processes for cooling or heating to accomplish balanced thermal interior conditions. To achieve indoor comfort conditions in hot climates, focus should be on minimising heat gain into the interior spaces while at the same time enhancing the removal of excess heat. This is the basic principle of passive cooling (Kamal, 2012). In a tropical climate like Nigeria, buildings should be designed to maximise natural lighting and cooling. Moreover, shading, proper building orientation, appropriate building materials and other approaches should be used to discourage both heat gain and storage in buildings.
 Major efforts towards achieving energy-conscious design in hot climate regions of the world have centred on the recommendation of passive techniques as the primary means of achieving comfort (Ochoa and Capeluto, 2008). Cairns Regional Council (2011), identified the following major principles for achieving passive design for buildings in tropical climates: avoid heat gain, encourage natural ventilation, make use of natural light and create cool outdoor areas. 

2.4 Why Energy Efficient Buildings?
Several factors are responsible for advocating energy efficient measures, especially passive design approaches for Nigeria. Among these are the signs and effect of climate change, high energy demand and consumption and housing deficits

2.4.1 Signs and Effects of Climate Change
The effects of climate change as experienced in other parts of the world are now evidenced in Nigeria. A study of Nigeria’s metrological data has shown some signs of climate change in the country. Some of the signs of climate change include anomalies in the onset and cessation of the rainy season, variation in temperature, high impact rainfall, flash floods, disappearance of hail and rising sea levels (Nigerian Metrological Agency, 2012). There is an urgent need for Nigeria to put up adequate measures against the effect of climate change. Part of these measures are to design more sustainable buildings.

2.4.2 Energy Poverty, High Energy Demand and Consumption
Rapid increase in world energy use has raised concerns in terms of supply problems, depletion of energy resources and substantial environmental impacts. It has been projected that energy use by emerging economies (South East Asia, Middle East, South America and Africa) will increase at an average annual growth rate of 3.2% and will surpass that of developed countries (North America, Western Europe, Japan, Australia and New Zealand) at an average growth rate of 1.1% (Pérez-Lombard et al., 2008).
Only about 40% of over 140 million people in Nigeria have access to electricity. A large percentage of households, businesses depend on generators to power their electrical installations. This can be very expensive and a source of environmental pollution (Etiosa, 2009). To achieve comfort in most buildings, generators are required almost on a daily basis due to inadequate supply of electricity. Those who cannot afford the cost of running generators are left with no alternative. There is ample opportunity to reduce energy poverty through energy efficient techniques. This has the potential to enhance comfort in buildings and also free some percentage of the available energy for those in need. This opportunity is yet to be explored due to many reasons among which is the fact that most buildings were not designed for comfort using this approach.
The inadequacy of the power generated in the country to meet energy demand calls for energy efficient culture. Fossil fuels (oil and gas) are the major sources of energy in Nigeria. Hence, for every kWh of energy used, there is a corresponding emission of greenhouse gas into the atmosphere. Despite the energy poverty in Nigeria, the rate of energy consumption is still high and energy policy in the country has undermined the relevance of energy efficiency. Energy efficiency strategies are yet to be properly developed in Nigeria (Etiosa, 2009). 

2.2.3 Housing Deficits
It has been projected that Nigeria requres  approximately 40 million houses in order to meet its housing deficit in 2020 (Ademiluyi and Raji, 2008; Ademiluyi, 2010; Ogu and Ogbuozobe, 2011). To prevent further impact of buildings on the environment, the goal to overcome this housing deficits must involve sustainable approaches.

The tenure of almost every state government in Nigeria is always marked with the construction of housing units for civil servants which is aimed at reducing housing demands. Previous housing units have been built with little, if any  sustainable measures. This paper is intended to guide and create awareness in Nigeria on the need to incorporate sustainable approaches, especially energy efficient techniques to the design and construction of subsequent intervention in housing provision.

3. METHODOLOGY
A literature review on energy efficient buildings and energy efficiency strategies was conducted in order to identify a suitable strategy that can be adopted in Nigeria. Moreover, reasons for advocating energy efficient measures for buildings in Nigeria were also reviewed. This method was chosen to evaluate the relevance of passive design options in reducing energy consumption in buildings and the need to adopt this method for the tropical climate of Nigeria. 
Various passive design options were discussed in order to pin down the roles of passive design techniques in achieving energy efficiency in buildings. 

4. FINDINGS AND DISCUSSIONS
Climate is the most important factor in determining the method of achieving energy efficiency in buildings. Other factors include the availability of local building materials, energy efficiency technology and know-how, existing policies and the price of energy (Moore et al., 2013). Hence, each climatic region is to develop approaches for achieving energy efficiency in buildings. For Nigerian climate, which falls under the tropical region, the following passive design options are suggested:

4.1 Avoid Heat Gain




The building should be positioned on site to take advantage of the movement of the sun and the prevailing winds. This also involves the arrangement of rooms in the building. For instance, sleeping areas should be located on the eastern side to take advantage of good morning light. East-facing rooms will also be cooler in the evening and during the night due to the sun path. Recess on walls and fins in addition to other architectural elements should be encouraged to direct cool breeze to the interior spaces. A good understanding of the site will aid a proper orientation of the building for maximum efficiency and thermal comfort. 

4.1.2 Building Material Selection
To achieve comfort in buildings in the tropics, building materials with low thermal mass should be selected and used for the construction of buildings. Materials with low heating capacity helps to minimize heat absorption and storage. Neves (2006) argues that some heavyweight materials like stone that possess high effusivity and low diffusivity can be applied to internal spaces in hot-humid climates. These materials can absorb some of the thermal energy present indoors in order to improve indoor thermal comfort conditions. Light colour materials should be chosen, especially for the external walls and roof, as they are very useful in reducing heat flow into the buildings. Simulation results based on a study conducted by Muselli (2010) shows a reduction in cooling energy consumption between 26% to 49% using low-cost white opaque reflective roofs (50m2). A study by Cheung et al. (2005) indicates that a 30% reduction in the solar absorbance of external walls can achieve up to12.6% savings in annual cooling energy demand. Materials that have heat reflective surfaces can be used to reduce heat gain and storage, thereby improving thermal comfort in buildings. 

4.1.3 Shading
Shading is an important technique in achieving passive cooling in buildings. Solar shading is an important approach in developing countries because it is cost effective and easy to implement (Kamal, 2012). Shading of buildings and outdoor spaces can lower temperatures during hot periods, improves comfort and save energy. Effective shading design techniques can block up to 90% of the heat generated by direct sun from heating the surface of buildings (McGee, 2013). Shading devices such as overhangs, awnings, louvers shutters, pergolas, which can be part of the building or placed close to the building, can serve as efficient means of achieving passive cooling. Proper window overhangs or awnings are an effective option to optimize south-facing windows and openings during summer. A proper site analysis will aid the placement of shading devices to minimise heat gain and storage. The length of the shading devices (especially overhangs and fins) is an important factor in shading design. Research has shown that the longer the shading devices, the greater the reduction in terms of cooling energy and peak cooling load (Cheung et al., 2005). A study has shown that horizontal shadings of 1.5m long overhangs can achieve 4.06% decrease of cooling electric consumption and a saving of 1.95% of the total electric consumption of a basecase building studied. In the same investigation, vertical shadings (fins) of 1.5m long produced a decrease of 3.92% of the cooling electric consumption and a reduction of 2.20% of the total annual electric consumption (Yu et al., 2008). 















An alternative means is to use broken ceramic tiles as the topmost layer of the roof which, helps to reflect incident radiation. Removable canvas cover (especially when painted white) can be mounted at a close distance to the roof to minimize heat gain during the day and removed at night to improve cooling in the building (Kamal, 2012). Roof eaves should be as wide as possible to provide shading for the external walls.


















Glazing technologies have recorded significant advances in recent years. Some of the advances include solar control glasses, insulating glass units, low emissivity (low-E) coatings, evacuated glazing, aerogels and gas cavity fills in addition to various improvements in frame and spacer designs (Robinson and Hutchins, 1994).
Where it is difficult to prevent heat gain using external shading devices, advance glazing technologies through the use of treated glass, can be employed to enhance cooling in buildings. For instance, double glazing can reduce heat conduction coefficient of glass and also decrease energy consumption when compared with single glazing based on the same solar heat coefficient. Supergrey glazing, electro glazing, low-E glazing or reflective glazing can increase the reflection of solar radiation to enhance cooling in buildings (Yu et al., 2008).                                       

4.1.5 Insulation
Insulation is a material or combination of materials, which if installed properly, help to reduce the rate of heat flow by conduction, convection and radiation due to its high thermal resistance (Sadineni et al., 2011). 
Insulation is one of the most effective means of reducing heat gain in buildings. It can be installed in the walls, ceiling and roof to control the rate at which building loses or gain heat. 
There are two types of insulation: bulk insulation and reflective insulation. In the tropical regions, reflective insulation installed under the roofing sheets, for instance can be very effective at it does not allow the trapping of heat inside the building. Bulk insulation can be effective when the goal of insulation is to prevent loss of cool air from the building. 

4.1.6 Thermal Mass
Thermal mass refers to the ability of materials to absorb, store and release heat energy. Materials such as concrete, brick and tiles that require a lot of heat energy to change their temperatures are said to possess high thermal mass. On the other hand, lightweight materials such as timber have low thermal mass. 
Cooling requirements for spaces in buildings depend on convection from internal gains (lights, equipment and people) and the nature of interior surfaces. Owing to the release of significant proportion of internal gains into the interior surfaces, the thermal storage properties of the building and the convective coupling determine building’s cooling requirements (Braun, 2003). Thermal mass helps to control the flow of heat energy into buildings thereby reducing energy consumption for heating or cooling.
While thermal mass is preferable in temperate climates due to significant changes in temperature between night and day, low thermal mass is more suitable for tropical climates. If construction materials with high thermal mass are used in the tropics, adequate shading should be provided to reduce heat gain. Moreover, proper insulation should be installed internally minimise heat transfer (Cairns Regional Council, 2012).    

4.2 Encourage Passive Cooling (Ventilation)
Passive cooling has been defined as “removal/restriction of heat from/to the building environment by using the natural process of rejecting heat in the ambient atmosphere by convection, evaporation, and radiation or the adjacent earth by conduction and convection (Muselli 2010, p.945). It entails maximizing natural ventilation through the use of design in order to reduce heat gain and the need for energy-intensive cooling technologies. Passive ventilation has been described as the cheapest way to cool buildings (McGee, 2013). If the cool outdoor air is properly harnessed through conscious design efforts, cooling can be achieved in some buildings in the tropics without the need for mechanical cooling. Cooling through convection by surrounding air, which serves as a heat sink has been used to achieve comfort condition indoors in hot humid locations (Liping and Hien, 2007). A study conducted by Tantasavasdi et al, (2001) shows that it is possible to achieve thermal comfort through natural ventilation in buildings in Bangkok suburb for 20% period of the year. 
This can provide huge savings in terms of energy. To design for effective passive cooling in buildings, some factors are to be considered as the design stage. 
Passive ventilation requires a driving force, and sufficient number of openings (fenestration) to produce air flow (Harvey, 2009). Wind is the driving force for passive cooling. Hence, the building orientation should take advantage of the prevailing winds to achieve cooling.
Adequate openings should be provided to improve air flow through the buildings. Windows that reduces the rate of air flow should be discouraged. Design should incorporate verandas, courtyards, atria and other related concepts to enhance wind flow. Design should achieve cross ventilation, if possible in relevant spaces as this will maximise air flow through the building.
Internal partitions can hinder air flow in buildings. Hence, their use should be minimised in order to maximise air flow within interior spaces.  Some spaces can be liked together through the use of archways and curtains or blinds provided for flexibility in use. 























4.3 Encourage Natural Lighting
Natural lighting which is sometimes called day-lighting refers to dependence on sunlight to provide daytime interior lighting. Buildings that are designed to admit maximum amount of natural light into workplaces will save considerable amount of energy required to light those spaces during the day. “Day-lighting can provide 40-80% savings in lighting energy use in perimeter offices, 20-33% savings in combined lighting + cooling energy use, and up to 90% saving deep in room using fiber optics” (Harvey 2009, p. 146). 
The efficiency of daylight can be improved through the use of light colours on floor, walls and horizontal surfaces. In addition, internal walls and ceilings should be properly aligned to take advantage of light reflection from light sources. To maximise the benefits of day-lighting, design incorporate strategies to control and heat gain. Design options include protecting glass from direct sun and providing proper insulation to minimise heat transfer. Skylights, atria, light shelves, light tubes, clerestory windows and similar installations can be used to admit natural light into interior spaces as well as enhance its effectiveness (see Cairns Regional Council, 2012).   

5. CONCLUSION
Substantial savings in energy consumption by buildings can be achieved through energy efficient approaches using passive design options. Several passive design options for achieving energy efficiency in buildings were discussed. Passive design options are highly sensitive to climatic factors. Hence, designers should have better understanding of the microclimate of the building site in order to maximise its benefits. Passive design techniques should be advocated to reduce high energy poverty, demand and consumption in the country. 
The adoption of passive design approaches in Nigeria will definitely reduce over dependence on mechanical cooling which at most times depends on electrical generators which has adverse effects on the three pillars (environmental, economic and social) of sustainable development.
Architects and other designers in the building industry should consider passive design options as an integral part of building design. Efforts should be put in place to encourage all stakeholders to embrace this concept which is relatively low cost but with many benefits. Future interventions in mass housing especially by the State and Federal Governments on Nigeria should incorporate this concept to create learning effects. 
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Figure 1.Roof shading using plant cover
Source: Kamal, 2012, p. 87

Figure 2.Roof shading using earthen pots
Source: Kamal, 2012, p. 88


Figure 3. Shading using trees and vegetation
Source: Cairns Regional Council, 2012, p. 11


Figure 4. Roof cavity ventilation using eave and ridge vents
Source: Cairns Regional Council, 2012, p. 10
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